We have synthesized several kinds of porous carbon material by template method using 2 kinds of natural allophanic soil purchased in Japan as template materials. To determine the hydroscopic properties of the templated porous carbon specimens, we measured their water adsorption and desorption isotherms around room temperature (283, 293 and 298 K). We also measured porous and chemical properties of the templated porous carbon specimens, and investigated the relationships between pore development and their water isotherms. The features of the isotherm curves of the templated porous carbon specimens were different from those of common activated carbon used as a reference, and the features in this study were dependent on template materials rather than carbon ingredients. Some of the templated porous carbon specimens had water adsorption isotherms that rose sharply at approximately 80% relative humidity (RH), and the desorption isotherms dropped off at 60% RH. The results indicate the possibility of application of these specimens as effective adsorbents that are not susceptible to moisture as compared with common activated carbon. The specimens are also assumed to be useful as humidity control materials.
In both industrial applications and occupational hygiene, activated carbon is used as an adsorbent for various kinds of organic vapor. Particularly, coconut shell activated carbon is a commonly used material for gas adsorption in Japan. Also many other types of porous carbon product are produced from various raw materials with various configurations and specific surface areas, and they have preferable adsorption ability and capacity for typical organic vapors or gaseous compounds compared with other porous materials. The adsorption capacities of activated carbon are affected by temperature, flow rate of sampled air, concentrations of representative organic vapors and the moisture contents in both the airflow and the activated carbon. Among these factors, the moisture contents have been the focus of many quantitative studies, because in many cases moisture adsorption reduces the gaseous adsorption capacities. Accordingly, there have been many experimental reports regarding the moisture effect on activated carbon around room temperature (approximately 293298 K).
1)12) With regard to various porous carbon materials, their water adsorption and desorption behavior and their mechanism are also attractive from the viewpoint of surface science.
13)17)
In previous studies, 18)20) we synthesized templated porous carbon materials 21)27) using silica gels 20) and natural allophanic soils 18)20) or minerals 20) purchased in Japan as template materials. The templated porous carbon specimens each have unique pore size distributions and pore development characteristics based on template materials, and effective adsorption abilities and capacities against several kinds of organic vapor compared with common coconut shell activated carbon. In this study, to understand the hydroscopic properties of the templated porous carbon specimens mentioned above, we measured their water adsorption and desorption isotherms around room temperature. We also measured their chemical and porous properties, and investigated the relationships between the properties of the isotherms.
We synthesized templated porous carbon specimens with reference to the method described previously, 18) , 19) and the carbon specimens were carbonized at 973 K or 1173 K. We used D(+)glucose, furfuryl alcohol (products of Wako Pure Chemical Industries Ltd.), and brown sugar (made from sugarcane, product of Okinawa Kokuto Co. Ltd.) as carbon ingredients and 2 kinds of natural allophanic soil purchased in Japan (as garden supplies marketed by Seiwa Pro Co. Ltd.) as template materials. The features of the allophanic soils are similarly as described in the previous report.
18) D(+)glucose and brown sugar were used as aqueous solution (approximately 60 g of each object substance was dissolved in 100 ml of ultrapure water). Soaking period of the template material in the brown sugar aqueous solution was 7days.
The water isotherms of the specimens were measured by BELSORPmax12NVP (BEL JAPAN Inc.) using only ultrapure water after degassing. We defined the data point at which it attained equilibration as that when the pressure change of water in 300 s was within 0.3% of the indicated value. The isotherms were measured at 283, 293 and 298 K, and the temperature was controlled using a thermocontrolled cooling pump type CTP 1000 (Tokyo Rikakikai Co. Ltd.) with accuracy of «0.7 K. The isotherms of nitrogen at 77 K, N 2 BET specific surface area, pore size distributions and pore volumes of the specimens were also measured by the BELSORPmax apparatus with N 2 gas (²99.99995%) by its high accuracy measurement mode with ASFM·. Pore size distributions and pore volumes were calculated by the MP method (microporous region) and the Dolli-moreHeal (DH) method (mesoporous region). We also calculated average pore width by the tmethod. Drying pretreatment under vacuum for each specimen was carried out at 393 K for approximately 30 min by BELPREPvac II (BEL JAPAN Inc.). With regard to chemical and porous properties of the specimens, we performed elemental analysis for CHN with a PerkinElmer 2400 II CHNS/O analyzer. Ash measurements were carried out with a PerkinElmer AD 6 microbalance and a combustion condition of 773 K in air in Muffle Furnace FP 100 (Yamato Scientific Co., Ltd.). We measured the true density of the specimens using Micromeritics multivolume pycnometer 1305 with He gas (²99.99995%). In addition, we used a common coconut shell activated carbon material as reference.
We also measured adsorption and desorption isotherms of cyclohexane vapor at 293 K on the specimens. Cyclohexane was obtained from Wako Pure Chemical Industries Ltd., and measurement method and conditions were similar in the case of water isotherms as described above. Figure 1 shows N 2 adsorption and desorption isotherms at 77 K of the reference and the templated porous carbon specimens. The template materials T1 (soil consists of allophane and quartz) and T2 (volcanic ash soil consists of allophane and wollastonite) are identical with the templates described previously, 18) , 19) and the carbon specimens A, C and D are corresponding to the specimens SA4, 19) S3 and S5 18) in the previous reports. The reference showed no hysteresis in the isotherm [ Fig. 1 (a) ]. It had a type I isotherm as defined by IUPAC, 28),29) which is characteristic for N 2 isotherms of microporous materials. In contrast, the 4 templated porous carbon specimens (samples AD) showed hysteresis between adsorption and desorption processes [Figs. 1(b) and 1(c)]. The isotherm curves were classified as type IV isotherms, which is a characteristic feature of mesoporous carbon materials. Table 1 shows the micropore volumes (V micro ) and mesopore volumes (V meso ) of the reference and templated porous carbon specimens measured with N 2 gas. Micropores contribute to adsorption capacity of adsorbates in porous materials, and this is similarly applicable to mesoporous carbon materials. All of the templated porous carbon specimens had effective pore development both in the microporous and the mesoporous region. The N 2 BET specific surface areas of the templated porous carbon specimens ranged from 615 to 950 m 2 /g. These values were slightly smaller than that of the reference, but these observations indicated that the method for synthesis in this study was applicable for preparing porous carbon materials with sufficiently high specific surface areas for gas adsorption. Figure 2 shows water isotherms at 293 K of the reference and templated porous carbon specimens. The horizontal axes in Fig. 2 represent relative humidity, which is the value of water pressure divided by saturated water pressure at each temperature. The vertical axes V micro is micropore volume calculated by the MP method, and V meso is mesopore volume calculated by the DH method.
Abiko: Adsorption and desorption behavior of water and organic vapor of allophanic soil-templated porous carbon materials JCS-Japan in the figure are the weight increase due to water adsorption per unit weight of the carbon specimens in the initial dry state. The curve profiles of them were different, but all of the isotherm curves were classified as type V isotherms according to the IUPAC definitions. Figure 3 shows water isotherms around room temperature (283, 293 and 298 K) of the reference and templated porous carbon specimens. We found no marked temperature dependence in the isotherms particularly in the templated porous carbon specimens (samples AD). The adsorption isotherms of the reference activated carbon were slightly unstable against temperature [ Fig. 3 (a) ] compared with the templated porous carbon specimens with the same equilibration time. The Journal of the Ceramic Society of Japan 120 [12] 603-608 2012 instability was assumed to be some attributed to pore development in the mesoporous region in the specimens, because it contributes to transfer and diffusion of molecules of gaseous compounds. Water adsorption behavior of porous carbons has been commonly discussed from the viewpoint of surface chemical composition, and true density of the templated porous carbon specimens was assumed to be dependent on carbon ingredients (Table 1) . However, the features of water isotherms of the templated porous carbon specimens were dependent on template materials rather than carbon ingredients. The specimens synthesized with the same template material and different carbon ingredients showed similar features in water isotherms [Figs. 2(b) and 2(c)]. The results of elemental analysis for CHN and ash measurements of the specimens are described in Table 2 , and there were no marked differences in the results particularly on elemental analysis for H and N among the templated porous carbon specimens. In addition, they were treated with a solution of strong acid or alkali for dissolution of template materials in the synthesis process, 18), 19) and surface functional group of the templated porous carbon specimens is assumed to be almost removed.
30)32)
In contrast, the specimens synthesized with the same template material showed similar pore size distribution and pore development (Fig. 4) . Thus, pore development of the templated porous carbon specimens markedly affected their water adsorption behavior. As shown in Fig. 2(a) , the water adsorption isotherm of common coconut shell activated carbon rose sharply at approximately 60% relative humidity (RH), and the desorption isotherm dropped off at 50% RH.
33),34) Climate conditions of 5060% RH and atmospheric temperature around 293 K are frequent through the whole year in Japan. 35 ),36) Therefore, leaving the activated carbon products uncontrolled and exposing them to ambient air is undesirable, because handling causes the carbon products to adsorb moisture and significantly reduces their adsorption capacities for harmful substances. In fact, storage of the activated carbon products with drying reagents in desiccators or air conditioning is desirable for effective use of the products as adsorbent materials. On the other hand, as shown in Fig. 2(c) , the water adsorption isotherms of samples C and D rose sharply at approximately 80% RH, and the desorption isotherms dropped at 60% RH. Figure 5 shows the isotherms of the reference and templated porous carbon specimens for cyclohexane, which is a typical indicative substance for organic vapor adsorption by activated carbon, 37) at 293 K. In the figure, the specimens adsorbed organic vapor from low concentration or pressure, and the templated porous carbon materials were sufficiently effective as adsorbents for organic vapors.
The results indicate the possibility of application of the templated porous carbon specimens as effective adsorbates that are not susceptible to moisture, particularly in the Japanese climate. In addition, samples C and D may also be applicable as humidity control materials in higher humidity regions compared with common activated carbon.
We have synthesized several kinds of templated porous carbon material using 2 kinds of natural allophanic soil purchased in Japan as template materials. We used D(+)glucose, furfuryl alcohol and brown sugar as carbon ingredients. The specimens had some comparable N 2 BET specific surface areas and adsorption capacities compared with common coconut shell activated carbon as a reference. On the other hand, the templated porous carbon specimens had different features in water isotherms around room temperature (283, 293 and 298 K). The features were dependent on template material rather than carbon ingredients. Consequently, pore development of the templated porous carbon specimens markedly affected their water adsorption behavior. Some of the templated porous carbon specimens indicated the possible applicability of the specimens as effective adsorbents that are not susceptible to moisture. They may also be applicable as humidity control materials in regions with high humidity. Fig. 4 . Pore size distributions and pore development of the reference, templated porous carbon specimens and template materials in this study. Calculated by the DollimoreHeal (DH) method in the mesoporous region. 
